An investigation of complex shapes during low pressure tube hydroforming by Nikhare, C. et al.
	 	
	
 
 
 
This is the published version:  
 
Nikhare,	C.,	Weiss,	M.	and	Hodgson,	P.	D.	2009,	An	investigation	of	complex	shapes	during	low	
pressure	tube	hydroforming,	in	IDDRG	2009	:	Material	property	data	for	more	effective	numerical	
analysis	:	Proceedings	of	the	2009	International	Deep‐Drawing	Research	Group	annual	conference,	
IDDRG,	[Golden,	Colo.],	pp.	879‐888.	
	
	
	
Available from Deakin Research Online: 
 
http://hdl.handle.net/10536/DRO/DU:30029024	
	
	
	
	
Reproduced	with	the	kind	permission	of	the	copyright	owner.		
	
Copyright	:	2009,	International	Deep‐Drawing	Research	Group	
International Deep Drawing Research Group 
IDDRG 2009 Intemational Conference 
1-3 June 2009, C;oldcn, CO, USA 
AN INVESTIGATION OF COMPLEX SHAPES DURING LOW 
PRESSURE TUBE HYDROFORMING 
ABSTRACT 
C. Nikhare 1, M. Weiss I , and P.D. Hodgson I 
I Centre for Material and Fibre Innovation 
Deakin University 
Waurn Ponds 3217, Australia 
Hollow structures made of Advanced High .strength .steel (AHSS) are increasingly used in 
the automobile industry for crash and structural components. Generally high pressure 
hydroforming is used to form these tabular parts, which is a costly manufacturing process due to 
the high pressure equipment and large tonnage presses required. A new process termed low 
pressure hydroforming, where a pressurized tube is crushed between two dies, represents a more 
cost effective alternative due to the lower pressures and die closing forces required. 
In this study the low pressure tube hydrofonning of one simple and two different complex 
hollow shapes is investigated. The complexities of the pat1S compared to simple shapes are 
critically studied and the die filling conditions are investigated and discussed. FUl1hennore the 
thickness distributions over the circumference of the part during forming are analyzed. 
Keywords: Advanced High Strength Steels; Hollow Products; Tube Hydrofonning; Complex 
Shapes; Low pressure. 
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1. INTRODUCTION 
Implementation of hollow products is continuously increasing to reduce the overall weight of 
the auto vehicle. Since the bending stiffness of the hollow products is larger than that of the solid 
products of the same weight, the hollow products are effective in weight reduction [I]. A 
recently used method to form these hollow palis is hydroforming. In the hydroforming process, 
the tube is bulged by the internal pressure to be formed into the shape of the die cavity. The wall 
thickness of the tube is decreased by the bulging, and thus bursting of the tube is a process limit. 
The challenge here is to produce the complex hollow shapes without failure. 
Several studies on the production of complex shapes [2, 3 and 4] in high pressure tube 
hydro forming have revealed difficulties in designing the tube diameter andlor thickness leading 
to a product without thinning and bursting. Axial material feed has been used to reduce the 
thinning in critical corners [5] or bend sections [6] in high pressure hydrofonning. Pre-formed 
shapes have also been applied to improve the formability [7]. Axial punch stroke designs with 
respect to applied pressure [8] for different complex shape are quite difficult and require clear 
understanding of the process. 
One of the means to reduce weight is by employing the first generation of advanced high 
strength steel (AHSS), such as dual phase (DP) and transformed induced plasticity (TRIP) steels. 
The advantages of these steels are high strength with good formability. However, the thinning 
and failure of these steels during forming is unpredictable and research is still progressing to 
improve the forming of these materials [9, 10 and II]. An alternative to using high pressure 
hydrofonning and avoid thinning and bursting, is low pressure hydroforming which involves 
crushing a tube that is pressurized in a die 
Several investigations have been performed to reduce the pressure required to hydroform 
mild steel. The concept of a sequenced forming pressure is proposed to reduce the thickness 
variation of the product and the forming pressure [12]. The applied internal pressure and die 
closing force needed in the crushing processes combined with preforming and hydroforming are 
only about 5% and 7%, respectively, of those for the high pressure expansion process [13, 14]. 
Thus to deform AHSS steels by hydro forming, low pressure tube hydroforming appears to be a 
promising option. The plastic flow pattern, thickness distribution, stress distribution and 
deforming modes [IS] of the tube and forming pressure required have been studied on simplc 
square [13, 15 and 16] and triangular shapes [14]. However, forming of different complex shapes 
during low pressure tube hydroforming has not yet been performed. Also the design of tube 
diameter and thickness for the complex shapes is still an area requiring more work. 
In this paper, low pressure tube hydrofonning of one simple and two complex shapes from 
TRIP steel has been studied. As the required pressurc is velY low, constant pressure was applied 
to form the desired complex shape in which the pressure remains constant throughout the process 
until the tube forms completely. The corner filling conditions along with the thickness 
distribution were analyzed during the process. 
2. MATERIAL AND METHODOLOGY 
2.1 Material 
The forming of TRIP780 grade with an overall thickness of I mm was investigated in this 
study. The tflle stress-strain curve used for the numerical investigation is shown in Figure I 
whilc thc mechanical propeliies can be found in Table I . 
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Figure 1. True stress-strain curve determined in tensile tests for TRiP steel 
Table 1. Mechanical properties a/TRIP steel 
Designation 
Mechanical Properties 
Yield strength (MPa) Tensile strength (MPa Elongation, % K(MPa) n 
TRIP (780 grade) 550 "1020 26 1365 0.2263 
2.2 Methodology 
The low pressure tube hydrofonning of complex shapes was numerically investigated using 
Abaqus/Explicit The die filling conditions were analyzed for each case with respect to the 
defined pressure. 
2.2.1 Low pressure tube hydroforming (LPTH) 
In low pressure tube hydrofonning, a tube is formed into the desired shape using low fluid 
pressure. For this, the tube is placed between the upper and lower dies. During forming the lower 
die is fixed while the upper die moves down and forms the pressurized tube into the desired 
shape. The applied pressure is kept constant throughout the process. A schematic view of the low 
pressure hydroforming process is shown in Figure 2. 
In this process, the hydrofonned section length of line stays approximately the same as the 
circumference of the un-deformed tube. Thus the perimeter of the un-deformed tube must be 
same as that of the inner perimeter of the die (Equation I). 
Perimeter of Final Product = Perimeter of Initial tube for LPTH (1) 
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Figure 2. Preform tube and start of Low Pressure Tube Hydroforming (LPTH) 
2.2.2 Complex shapes 
The tool filling conditions in the low pressure hydro forming of one simple and two complex 
shapes (Figure 3) were analyzed in this study. For this the three different die shapes, shown in 
Figure 4 and 5, were combined appropriately. The paI1 shapes had an overall width and height of 
48 and all die corner radii were 6mm. All parts were analyzed for I mm die length. 
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Figure 3. Different shapes for analysis (a), (b) and (c) are the simple and two complex shapes 
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Figure 4. Upper dies used /0 form camp/ex shape 
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Figllre 5, Lower dies used to form complex shape (a), (b) and (c) are the die pair/or simple, complex 1 
and complex 2 shapes 
In low pressure hydroforming, the periphery of the initial tube can be assumed to be equal to 
the periphery of the final defonned part and by perimeter equivalence (Equation I) the calculated 
outer diameter of the un-defonned tube is greater than the die width of 48mm, Therefore to fit 
the tube in the lower die before crushing, pre-forming is required (Figure 6), 
2.2,3 Numerical modeling 
In this study ABAQUS/Explieit 6.5-1 was used and the forming process was simulated with 
a 2D-model. Any variation in wall thickness and material propelties around the circumference of 
the tube was neglected. The wall thickness of the tube was taken to be I mm and true stress-strain 
data (Figure I) was used in the simulation. 
The dies were defined as rigid bodies while the tube was deformable (Figure 6). CPE4R 4-
node bilinear plane strain quadrilateral, reduced integration, hourglass control elements were 
used. The approximate element size for the tube was 0.5mm with a curvature control of 0.1 and 
two elements were used through the material thickness, The interaction between the die and the 
tube was defined as surface to surface tangential contact and a coefficient of friction of 0.1 was 
applied, Constant internal pressure was applied throughout the process and the tube was allowed 
to expand and compress radially. 
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Formed Part 
Figure 6. Tube crushing model 
3. RESULTS AND DISCUSSION 
3.1 Simple shape 
The simple shape formed using low pressure tube hydroforming is shown in Figure 7. It is 
clear that the required initial outer tube diameter determined using equation I is sufficient to 
completely fill the die profile. 
Figure 7. Simple shape 
3.2 Complex shapes 
The die filling conditions determined for the two complex shapes after forming are shown in 
Figures 8 and 9. For both shapes the initial perimeter calculated using equation I (0,,1) leads to 
under-filling of the die profile. In the further patt of this study the numerical model was applied 
to determine the optimum tube diameter (Oort ) (0 give the optimum die filling conditions. 
0,,1 = Diameter for equivalent die perimeter calculated using equation I 
Oort = Optimum diameter determined by FEA 
The results are shown in Figures 8 and 9 for the complex part shapes I and 2. The ideal part 
shape is indicated by profile A, while the die filling conditions achieved using 0,,1 and Oor t are 
represented by profiles Band C, respectively. 
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Figure 8. Complex shape I 
Figure 9. Complex shape 2 
It is clear that improved die filling conditions can be achieved by using an optimized tube 
diameter Oorl' In table 2, Oorl and 0", are compared for all three shapes investigated in this study. 
To achieve optimized die filling conditions for both complex shapes a smaller initial tube 
diameter than determined based on the rule of perimeter equivalence is required (equation I). In 
contrast optimum filling conditions were achieved with 0", when forming the square tube. This 
indicates that with increasing part complexity a higher understanding of the low pressure 
hydroforming process will be necessaty to achieve optimum part geometty and die filling 
conditions. 
Table 2. Optimum diarneter and reduced perimeter/or analysed shapes 
Reduced 
Part Dc" (mm) Dort (mm) perimeter 
by (mm) 
Simple 58.0 58.0 0.0 
Complex 1 51.2 49.5 5.6 
Complex 2 71.6 69.5 6.8 
To futiher understand the effect of part complexity on die filling conditions and the required 
initial tube diameter, the part thickness distribution over the tube perimeter was investigated for 
the critical forming region (A-D) for both complex shapes fonned using Dca' and Oorl. 
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In the case of the complex shape I thinning is observed in the part sections AB and CD for 
both the initial 0", and the optimized diameter 001'1 (Figure 10), This is due to the restriction of 
the material flow from section B to A and from section C to D by the pressurized fluid, When the 
die fully closes in the case of D", the stretched material becomes excessive and buckles inside 
leading to unfilled regions at sections A and 0, In contrast to that the stretching of DOl'I results in 
optimum filling of the die, 
0.92 
0,9 
o 
1.04 
1.03 
1.02 
1.01 
E 
is 0.99 
• 
• 
• ~ 0.98 
0 
:E 0.97 ~ 
0.% 
0,95 
0.94 
0.93 
0 
20 
B' OJ 
60 
Ii Part2_on_diB 
._,,_." Part2_opt_dls 
80 
Distance along the perimeter (mm) 
0-'-
tOO 
B 
/' 
f 
A ) 
";/ 
Figure 10. Thickness distribution of complex shape 1 
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Figure 11. Thickness distribution of complex shape 2 
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Similar to complex shape I thinning also occurs in complex shape 2 during the forming of 
both diameters (D", and DOpl), Nevertheless a slight thickening of the tube wall ean be observed 
in region A when crushing the initial tube diameter D", (Figure 11), Again the pressurized fluid 
restricts the material from feeding from section B to D leading to material thinning and the effect 
"",886·,,·, 
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on the die filling conditions already observed for complex shape I. The material thickening in 
region A can be explained by the veliical wall that suppOliS the material which leads to material 
compression when the upper die moves down. 
Thc presented numerical results suggest that in low pressure hydrofoming of complex shapes 
initial tube diameters, smaller than those suggested by equation I are needed to achieve optimum 
die filling conditions. This is due to the restriction of material flow by the pressurized fluid and 
the resulting stretching of the material during the forming process. 
4. CONCLUSION 
The low presslll'e hydrofonning of one simple and two different complex shapes was 
numerically investigated and the die filling conditions were studied. It is shown that for complex 
shapes with low pressure tube hydroforming; a slightly lower perimeter length is required to fill 
the die completely. The forming and design conditions for the given complex shapes might not 
be the optimum for any other generalized complex shapes during low pressure tube 
hydroforming. Thickness distribution with Dop, for the part during hydrofonning was analyzed 
and compared to 0,,1. It is observed that thinning occurred in the part. It is also observed that 
weight reduction in complex part dlll'ing low pressure tube hydroforming only depends on the 
part geometly. Thus overall conclusion is that friction of the die wall tends to cause thinning in 
the tube (although thickening is possible in isolated cases). Therefore the appropriate staliing 
tube size may be different from that calculated assuming a constant perimeter length. 
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